INTRODUCTION
============

Type 2 diabetes is characterized by insulin resistance and dysfunction of pancreatic β-cells \[[@B1]\], and as the duration of diabetes increases, a large number of patients eventually require insulin administration because of insulin insufficiency \[[@B2]\]. They mostly begin to use basal insulin, and if glycemic control is poor with basal insulin, possible options to be considered include adding prandial insulin injections (basal-bolus insulin regimen) or changing to premixed biphasic insulin \[[@B3]\]. The basal-bolus insulin regimen has the advantage of satisfying both mealtime and between-meal insulin demand \[[@B4]\], but has the disadvantage of requiring an increased frequency of insulin administration \[[@B5]\]. Meanwhile, when patients administer premixed biphasic insulin, they may be relatively comfortable regarding the frequency of insulin injections, but the risk of hypoglycemia may be increased because of interactions among the insulin preparation ingredients \[[@B6]\].

Insulin degludec/insulin aspart (IDegAsp), a newly developed insulin composite, allows insulin degludec and insulin aspart to exist independently and stably \[[@B7]\]. In the IDegAsp composite, insulin degludec covers basal insulin demand, and insulin aspart fulfills mealtime insulin demand \[[@B8]\]. Additionally, it was expected that IDegAsp could theoretically regulate blood glucose with fewer hypoglycemic events than premixed biphasic insulin owing to the long duration of action and lower day-to-day variability of insulin degludec \[[@B9]\]. Consistent with this mechanism, it was reported that administrating IDegAsp twice a day controlled blood glucose levels more effectively than administrating premixed biphasic insulin, with fewer hypoglycemic events, in patients with type 2 diabetes \[[@B10][@B11]\].

However, previous studies comparing basal insulin and once-daily IDegAsp in patients with type 2 diabetes have shown conflicting results in terms of hemoglobin A1c (HbA1c) improvements \[[@B12]\]. Hypoglycemic events were even found to be increased by the use of IDegAsp in most studies \[[@B13][@B14][@B15]\]. Therefore, it is necessary to identify the real-world effects of once-daily IDegAsp. In this multicenter study, we investigated the effects of changing basal insulin to IDegAsp in Koreans with type 2 diabetes, and explored the clinical factors related with those effects.

METHODS
=======

Study subjects
--------------

We retrospectively analyzed the clinical data of adults with type 2 diabetes who visited endocrinology outpatient clinics at Seoul National University Hospital, Seoul National Bundang Hospital, and Boramae Medical Center. Those who had used basal insulin (insulin glargine-U100, insulin glargine-U300, insulin detemir, and insulin degludec) for at least 4 months with an HbA1c level less than 11.0%, without any changes in their oral hypoglycemic agents, were enrolled. Basal insulin was replaced with once-daily IDegAsp from November 2017 to May 2019, and clinical and laboratory data were collected at 3 months before the replacement, the replacement point (baseline), and 3 months after the replacement. If available, data at 6 months were also collected.

We excluded (1) pregnant patients; (2) patients diagnosed with cardiovascular disease, cancer, or another critical illness within 6 months before the replacement; (3) patients with severe hypertension; and (4) patients receiving treatments or having diseases that may have a significant effect on blood glucose levels, such as glucocorticoids and thyrotoxicosis.

Calculation of gap-fasting plasma glucose
-----------------------------------------

Predicted fasting plasma glucose (p-FPG) was calculated from a linear regression analysis of HbA1c and FPG at baseline in this population \[[@B16][@B17]\].

p-FPG=14.842×HbA1c (%)−4.257, *r*=0.347, *P*=0.002

Gap-FPG=measured FPG (m-FPG)−p-FPG

Outcomes
--------

The primary outcome was the change in HbA1c levels caused by the replacement of basal insulin with once-daily IDegAsp. The secondary outcomes were clinical factors related with the glucose-lowering effects of once-daily IDegAsp.

Statistical analysis
--------------------

Continuous variables with a normal distribution were expressed as mean and standard deviation, unless otherwise indicated. The variables before and after IDegAsp use were analyzed by repeated-measures analysis of variance (ANOVA) and the Bonferroni multiple comparison test for *post hoc* analyses (the Friedman test and Dunn multiple comparison test for *post hoc* analyses were used for analyzing non-normally distributed continuous variables). The variables among subgroups were analyzed by one-way ANOVA. Correlations between HbA1c reduction and basal characteristics were analyzed using the Pearson correlation test. *P* values \<0.05 were considered to indicate statistical significance. SPSS for Windows version 25.0 (IBM Co., Armonk, NY, USA) and Prism 5 for Windows version 5.03 (GraphPad Software, San Diego, CA, USA) were used for the statistical analysis.

Ethical statement
-----------------

This study was conducted in accordance with the Declaration of Helsinki. The trial protocol was reviewed and approved by the Institutional Review Board of each center (IRB no. H-1903-068-1016, no. B-1905/540-406, no. 20190426/30-2019-35/053). The need for patient consent was waived by the IRB since this was a retrospective study, and analyses were performed using de-identified data.

RESULTS
=======

Changes in FPG and HbA1c
------------------------

A total of 80 participants were enrolled in this study, of whom 52.5% were male. At the time of changing the insulin regimen, their mean age was 67.0±9.8 years, their mean body mass index (BMI) was 24.5±3.8 kg/m^2^, the mean duration of diabetes was 18.9±8.5 years, their mean HbA1c level was 8.7%±1.0%, their mean FPG was 124.8±41.5 mg/dL, and their mean C-peptide level was 1.63±1.37 ng/mL. Their average insulin dose and the insulin dose per body weight were 23.4±10.7 IU and 0.36±0.14 IU/kg, respectively. Half of the patients were using insulin glargine U-100 as basal insulin ([Table 1](#T1){ref-type="table"}).

We compared insulin doses and glycemic control at 3 months before the replacement, at the time of the replacement (baseline), and at 3 months after the replacement. Before changing to once-daily IDegAsp, although the basal insulin dose increased statistically significantly (from 0.34±0.13 to 0.36±0.14 IU/kg, *P*=0.0005), HbA1c increased significantly (from 8.5%±1.0% to 8.7%±1.0%, *P*=0.0080). However, HbA1c decreased significantly after changing to once-daily IDegAsp (from 8.7%±1.0% to 8.3%±1.1%, *P*=0.0001) accompanied with a dose increment (from 0.36±0.14 to 0.39±0.15 IU/kg, *P*\<0.0001) ([Fig. 1A](#F1){ref-type="fig"}). There was no significant change in FPG among the three time points.

When we conducted a sub-analysis of 35 patients whose clinical data were available as far as 6 months after the replacement, there was no significant reduction in HbA1c levels (from 8.4%±1.0% to 8.6%±1.0%), even though there was a significant increase in the basal insulin dose during the 3 months before the replacement (from 0.34±0.15 to 0.35±0.15 IU/kg, *P*=0.0318). However, there was a significant decrease in HbA1c levels at 6 months after the replacement of basal insulin with IDegAsp (from 8.6%±1.0% to 8.2%±1.1%, *P*=0.0342), accompanied by an increased dose (from 0.35±0.15 to 0.39±0.17 IU/kg, *P*=0.0053) ([Fig. 1B](#F1){ref-type="fig"}).

Different glycemic effects of IDegAsp according to gap-FPG
----------------------------------------------------------

Theoretically, IDegAsp would be advantageous compared to basal insulin in patients with marked postprandial hyperglycemia. We presumed that those who demonstrated a low FPG relative to their HbA1c might have this characteristic. Therefore, we calculated p-FPG and gap-FPG as described above.

Next, we divided the patients according to gap-FPG into three groups: low (gap-FPG \<−20 mg/dL), intermediate (−20≤ gap-FPG \<20 mg/dL), and high (gap-FPG ≥20 mg/dL). Except for the FPG, the clinical characteristics at baseline were not statistically significantly different among these three groups ([Table 1](#T1){ref-type="table"}). In the low gap-FPG group, HbA1c levels increased significantly before the change to IDegAsp. However, the change to IDegAsp without a significant dose increment resulted in a significant decrease in HbA1c levels ([Table 2](#T2){ref-type="table"}). In the intermediate group, although a significant basal insulin increment did not reduce HbA1c levels, the change to IDegAsp accompanied by a significant dose increment decreased HbA1c levels significantly. However, there was no significant change in HbA1c levels after changing to once-daily IDegAsp in the high gap-FPG group, even with a significant increase in the insulin dose.

Different glycemic effects of IDegAsp according to insulin deficiency
---------------------------------------------------------------------

To evaluate the effect of IDegAsp by endogenous insulin secretion, 54 patients were divided into three groups according to fasting C-peptide levels, after excluding patients with an estimated glomerular filtration rate (eGFR) of less than 45 mL/min/ 1.73 m^2^: low (C-peptide \<0.7 ng/mL), intermediate (0.7≤ C-peptide \<1.8 ng/mL), and high (C-peptide ≥1.8 ng/mL). There were no significant differences in baseline characteristics except for BMI and FPG among these three groups, and these baseline characteristics were not correlated with HbA1c reduction after the change to IDegAsp (data not shown). In the low C-peptide group, there was a significant decrease in HbA1c levels after changing to once-daily IDegAsp, even though there was no significant change in the insulin dose ([Table 3](#T3){ref-type="table"}). In the intermediate group, although a significant basal insulin increment did not reduce HbA1c levels, the change to IDegAsp accompanied by a significant dose increment decreased HbA1c levels significantly. However, no significant changes in HbA1c levels were observed during the study period in the high C-peptide group, despite a significant increase in the insulin dose.

Another indirect index for insulin deficiency may be the insulin dose. We divided 56 patients according to the insulin dose after excluding patients with an eGFR less than 45 mL/min/1.73 m^2^: low (insulin/body weight ≤0.35 IU/kg), intermediate (0.35\<insulin/body weight ≤0.52 IU/kg), and high (insulin/body weight \>0.52 IU/kg; maximum, 0.71 IU/kg). There were no significant differences in baseline characteristics except for eGFR among the three groups, and eGFR was not correlated with the HbA1c reduction after change to IDegAsp (data not shown). In the high-dose group, a significant increase in basal insulin dose did not reduce HbA1c levels significantly; however, there was a significant decrease in HbA1c levels after changing to once-daily IDegAsp, even though there was no significant increase in the insulin dose ([Table 3](#T3){ref-type="table"}). In the intermediate group, although a significant basal insulin increment did not reduce HbA1c levels, the change to IDegAsp accompanied by a significant dose increment decreased HbA1c levels significantly. However, no significant changes in HbA1c were observed during the study period in the low-dose group, despite a significant increase in the insulin dose.

Hypoglycemia
------------

Because this was a retrospective study involving medical record review, hypoglycemia could not be assessed precisely. In nine of the 80 patients, there was a record of increased hypoglycemia after the change to IDegAsp.

DISCUSSION
==========

In this retrospective study, we found a significant decrease in HbA1c levels after changing to once-daily IDegAsp with a concurrent increase in the dose (by 0.03±0.01 IU/kg, *P*\<0.0001) in patients with type 2 diabetes who had shown poor glycemic control on basal insulin. Indeed, the increase of basal insulin (by 0.02±0.01 IU/kg, *P*=0.0005) had aggravated their HbA1c levels, indirectly suggesting that once-daily IDegAsp would be more favorable than basal insulin in this population ([Fig. 1](#F1){ref-type="fig"}).

In previous studies comparing once-daily IDegAsp and basal insulin, overall hypoglycemic events were increased by once-daily IDegAsp, with inconsistent results for blood glucose control \[[@B13][@B14][@B15]\]. Therefore, we presumed that once-daily IDegAsp might be better than basal insulin only in a subset of patients, such as those with marked postprandial hyperglycemia. To identify this assumption, the study participants were divided according to gap-FPG, which is a simple estimate of postprandial hyperglycemia, and the effects of IDegAsp were evaluated in each subgroup. As expected, favorable effects of IDegAsp were clearly present in patients with low gap-FPG, but not in those with high gap-FPG ([Table 2](#T2){ref-type="table"}). As a result, once-daily IDegAsp seemed to be more favorable than basal insulin in patients with marked postprandial hyperglycemia.

Postprandial hyperglycemia, a form of glycemic variability, can result from severe insulin deficiency \[[@B18]\]. In this study, we used fasting C-peptide and the insulin dose as indicators of insulin deficiency. In general, insulin deficiency is measured using the homeostatic model assessment-B obtained from serum insulin levels, but measurements of insulin levels can be confounded by exogenous insulin unless washout is performed. In addition, since this study had a retrospective design, insulin secretion data from stimulation tests were not available. Therefore, fasting C-peptide was used as a surrogate indicator for insulin secretion because not much other data were available. The maximum insulin dose in this study was 0.7 IU/kg. In addition, the mean duration of diabetes was 19 years. In this context, the insulin dose would be expected to reflect insulin deficiency, rather than insulin resistance, even though the participants were patients with type 2 diabetes. Compatible with this, glycemic effect of IDegAsp was prominent in patients with low fasting C-peptide levels (\<0.7 ng/mL) or a high insulin dose (0.52 to 0.71 IU/kg), while it was not observed in those with high C-peptide levels (≥1.8 ng/mL) or a low insulin dose (≤0.35 IU/kg) ([Table 3](#T3){ref-type="table"}). These observations suggest that once-daily IDegAsp might be especially effective in comparison to basal insulin in insulin-deficient patients.

This study has the strength of exploring the real-world effects of replacing basal insulin with once-daily IDegAsp through a multicenter study, and it provides the first evidence that IDegAsp may be superior, especially in patients with high glycemic variability or severe insulin deficiency.

This study has several limitations. Its retrospective design means that patient compliance could not be evaluated, and the actual insulin doses could have been different from the prescriptions in patients\' medical records. Additionally, this was a single-arm study without a control group, and confounding by the placebo effect cannot be excluded. Furthermore, in addition to effectiveness, safety is also an important issue, considering the previous reports of increased hypoglycemia associated with once-daily IDegAsp \[[@B12][@B15]\]. However, hypoglycemia could not be fully evaluated by medical record review. Therefore, a prospective controlled trial is warranted to confirm the favorable effects and safety of once-daily IDegAsp compared to basal insulin in patients with high glycemic variability or severe insulin deficiency.

In conclusion, we observed a significant blood glucose-lowering effect of changing to once-daily IDegAsp from basal insulin in type 2 diabetes patients with poor glycemic control, and the effect seemed to be greater in patients with more severe insulin deficiency and variations in blood glucose levels. If these findings are confirmed by a further controlled study, we could expect to improve blood glucose control without increasing the number of insulin injections by changing to once-daily IDegAsp in a subset of patients whose glycemic control is poor with basal insulin.
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![Changes in hemoglobin A1c (HbA1c) levels and the insulin dose before and after the replacement of basal insulin with once-daily insulin degludec/insulin aspart (IDegAsp). (A) Changes up to 3 months after the replacement of basal insulin with once-daily IDegAsp. (B) Changes up to 6 months after the replacement of basal insulin with once-daily IDegAsp (*n*=35). ^a,b^*P*\<0.05 vs. baseline by *post hoc* analyses (the Bonferroni multiple comparison test and the Dunn multiple comparison test).](enm-34-382-g001){#F1}

###### Clinical Characteristics of Participants According to Baseline Gap-FPG

![](enm-34-382-i001)

  Variable                   Total participants (*n*=80)   Gap-FPG              *P* value^a^                              
  -------------------------- ----------------------------- -------------------- -------------------- -------------------- ---------
  Male sex                   42 (52.5)                     12 (46.2)            15 (46.9)            15 (68.2)            0.224
  Age, yr                    67.0±9.8                      65.4±11.4            66.9±9.80            69.2±7.5             0.402
  BMI, kg/m^2^               24.5±3.8 (*n*=70)             24.7±4.7 (*n*=23)    25.0±3.7 (*n*=26)    23.7±2.8 (*n*=21)    0.501
  Duration of diabetes, yr   18.9±8.5 (*n*=69)             18.8±7.8 (*n*=25)    17.9±8.0 (*n*=28)    20.8±10.4 (*n*=16)   0.560
  HbA1c, %                   8.7±1.0                       8.7±0.8              8.6±0.9              8.8±1.3              0.878
  FPG, mg/dL                 124.8±41.5                    87.0±11.3            120.4±18.1           175.7±36.5           \<0.001
  Gap-FPG, mg/dL             0.0±38.9                      −37.8±13.1           −3.5±12.9            49.8±29.4            NA
  Fasting C-peptide, ng/mL   1.63±1.37 (*n*=61)            1.75±2.00 (*n*=20)   1.35±0.81 (*n*=23)   1.86±1.04 (*n*=18)   0.451
  Insulin dose, IU           23.4±10.7                     21.1±8.5             25.6±11.8            22.7±11.0            0.263
  Insulin dose, IU/kg        0.36±0.14 (*n*=70)            0.33±0.12 (*n*=23)   0.37±0.14 (*n*=26)   0.37±0.16 (*n*=21)   0.585
  Total cholesterol, mg/dL   143.8±35.1                    141.0±29.4           147.4±43.6           141.7±27.7           0.757
  eGFR, mL/min/1.73 m^2^     73.3±31.5                     71.4±33.4            81.5±28.0            63.6±32.4            0.113
  Retinopathy                49 (61.3)                     17 (65.4)            20 (65.5)            12 (54.5)            0.732
  Basal insulin                                                                                                           
   Glargine U-100            40 (50.0)                     13 (50.0)            15 (46.9)            12 (54.5)            
   Degludec                  23 (28.8)                     7 (26.9)             11 (34.4)            5 (22.7)             
   Glargine U-300, detemir   17 (21.3)                     6 (23.1)             6 (18.8)             5 (22.7)             0.914
  OAD                                                                                                                     
   Metformin                 65 (81.3)                     22 (84.6)            27 (84.4)            16 (72.7)            0.485
   DPP4 inhibitors           44 (55.0)                     15 (57.7)            18 (56.3)            11 (50.0)            0.853
   Sulfonylurea              39 (48.8)                     12 (46.2)            16 (50.0)            11 (50.0)            0.949
   Others                    8 (10.0)                      2 (7.7)              2 (6.3)              4 (18.2)             0.318
  Other medications                                                                                                       
   Hypertension              53 (66.3)                     15 (57.7)            22 (68.8)            16 (72.7)            0.508
   Dyslipidemia              65 (81.3)                     21 (80.8)            27 (84.4)            17 (77.3)            0.804

Values are expressed as number (%) or mean±standard deviation.

FPG, fasting plasma glucose; gap-FPG, gap between measured FPG and predicted FPG; BMI, body mass index; HbA1c, hemoglobin A1c; NA, not applicable; eGFR, estimated glomerular filtration rate; OAD, oral antidiabetic drug; DPP4, dipeptidyl peptidase IV.

^a^*P* values for overall differences among the three groups according to gap-FBS, analyzed by one-way analysis of variance and the chi-square test.

###### Comparison of Insulin Doses and HbA1c Levels before and after the Change to Once-Daily IDegAsp from Basal Insulin According to Gap-FPG

![](enm-34-382-i002)

  Variable                                  −3 mo          Baseline    3 mo           *P* value^a^
  ----------------------------------------- -------------- ----------- -------------- --------------
  Low (gap-FPG \<--20 mg/dL)                                                          
   Insulin, IU/kg                           0.32±0.12      0.33±0.12   0.35±0.11      0.001
   HbA1c, %                                 8.3±0.9^b^     8.7±0.8     8.3±0.9^b^     0.021
  Intermediate (--20≤ gap-FPG \<20 mg/dL)                                             
   Insulin, IU/kg                           0.34±0.13^b^   0.37±0.14   0.39±0.16^b^   \<0.001
   HbA1c, %                                 8.4±0.8        8.6±0.9     8.2±1.0^b^     0.018
  High (gap-FPG ≥20 mg/dL)                                                            
   Insulin, IU/kg                           0.35±0.15      0.37±0.16   0.41±0.17^b^   0.002
   HbA1c, %                                 8.6±1.3        8.8±1.3     8.3±1.5        0.059

Values are expressed as mean±standard deviation.

HbA1c, hemoglobin A1c; IDegAsp, insulin degludec/insulin aspart; gap-FPG, gap between measured fasting plasma glucose (FPG) and predicted FPG.

^a^*P* values for overall differences among the three time points analyzed by repeated-measures analysis of variance; ^b^*P*\<0.05 vs. baseline by *post hoc* analyses (the Bonferroni multiple comparison test).

###### Comparison of Insulin Doses and HbA1c Levels before and after the Change to Once-Daily IDegAsp from Basal Insulin According to Insulin Reservoir

![](enm-34-382-i003)

  Variable                                       −3 mo             Baseline          3 mo                 *P* value^a^
  ---------------------------------------------- ----------------- ----------------- -------------------- --------------
  According to fasting C-peptide levels, ng/mL                                                            
   C-peptide \<0.7 (*n*=17)                                                                               
    Insulin, IU/kg                               0.38±0.15         0.39±0.15         0.41±0.14            0.019
    HbA1c (%)                                    8.5 (7.1--10.6)   8.9 (7.1--10.2)   8.4 (5.6--10.6)^b^   0.057
   C-peptide ≥0.7 and \<1.8 (*n*=15)                                                                      
    Insulin, IU/kg                               0.36±0.11^b^      0.39±0.11         0.43±0.12^b^         0.000
    HbA1c, %                                     8.4±0.9           8.8±0.9           8.1±0.7^b^           0.003
   C-peptide ≥1.8 (*n*=22)                                                                                
    Insulin, IU/kg                               0.37±0.13         0.39±0.14         0.44±0.16^b^         0.001
    HbA1c, %                                     8.7±0.9           8.7±0.9           8.7±1.1              0.871
  According to insulin dose, IU/kg                                                                        
   Insulin dose \>0.52 (*n*=11)                                                                           
    Insulin, IU/kg                               0.54±0.07^b^      0.57±0.06         0.59±0.06            0.020
    HbA1c, %                                     9.4 (7.8--10.1)   9.1 (7.8--9.9)    8.6 (7.3--10.2)^b^   0.028
   Insulin dose \>0.35 and ≤0.52 (*n*=19)                                                                 
    Insulin, IU/kg                               0.38±0.07^b^      0.43±0.05         0.48±0.08b           0.000
    HbA1c, %                                     8.8±1.0           9.1±1.0           8.5±1.2^b^           0.022
   Insulin dose ≤0.35 (*n*=26)                                                                            
    Insulin, IU/kg                               0.25±0.07         0.25±0.06         0.28±0.07^b^         0.000
    HbA1c, %                                     8.3±0.9           8.5±0.8           8.4±1.2              0.510

Values are expressed as mean±standard deviation or median (range).

HbA1c, hemoglobin A1c; IDegAsp, insulin degludec/insulin aspart.

^a^*P* values for overall differences among the three time points analyzed by repeated-measures analysis of variance and the Friedman test; ^b^*P*\<0.05 vs. baseline by *post hoc* analyses (the Bonferroni multiple comparison test and the Dunn multiple comparison test).
